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ESTIMATION OF BLOOD ACTH BY MEANS OF A
CROSS-CIRCULATION TECHNIQUEt§
Since no direct chemical method is at present available for the quantitation
of ACTH secretion, indirect indices have, of necessity, been employed.
Although many physiological and biochemical changes are associated with
an increased activity of the pituitary-adrenal system, only a few of these are
applicable as a method for the detection of such activity.
Up to the present time, the detection of the release of ACTH from the
anterior pituitary has been carried out by one of two methods. The first is
to observe the change in one of the indices of ACTH secretion in the animal
to which an experimental procedure under study has been applied. For
example, the decline in the adrenal ascorbic acid has been extensively
employed as an index of ACTH secretion. However, in the intact animal,
this only indicates that an increased discharge of ACTH has taken place,
but gives no information as to the duration of the increased secretion of
ACTH. This is because the increased activity of the adrenal cortex con-
tinues for a long time after a brief stimulus with ACTH,18 despite the fact
that ACTH is inactivated with extreme rapidity.'
The second, more quantitative, method for the determination of ACTH
in blood, used by Sydnor and Sayers,' Gemzell,' Cooke,' Bornstein,'
Parrott,6 9 10 and others, is to pool the blood of a large number of rats sub-
jected to the same procedure. After suitable extraction and chemical
manipulation, the concentrated material is injected into hypophysectomized
rats, and the ACTH estimated by means of the decline in adrenal ascorbic
acid according to the standard method of bioassay developed by Sayers,
et al.' While this method can be employed to determine the blood ACTH at
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different times following the application of a stimulus, it obviously offers
opportunities for loss of activity through chemical changes to which the
blood is subjected. That this occurs is suggested by the reports of Morruzzi
and coworkers7 who claim to have demonstrated the existence of two types
of ACTH in blood: (a) an "active ACTH," found mainly in normal sub-
jects, which can be detected directly in the blood but which cannot be
extracted and concentrated on oxycellulose, and (b) an "activable ACTH,"
found primarily in subjects with hypocorticism, which cannot be detected
in blood directly, but can be estimated after activation and concentration
with oxycellulose. Parrott,10 comparing the acid-acetone extraction with the
oxycellulose extraction of ACTH, found good recoveries when these
methods were applied separately, but a significant loss of ACTH activity
occurred if both extraction procedures were employed on the same sample
of plasma. Similarly, Gemzell, et al.,' using the acid-acetone extraction pro-
cedure, were unable to detect ACTH activity in 448 ml. of plasma from
intact rats, whereas Sydnor and Sayers,' using the oxycellulose technique,
were able to demonstrate activity in 12 ml. of blood from intact rats.
In an attempt to avoid these difficulties, a cross-circulation technique has
been developed whereby the blood level of ACTH, in its natural state in
the circulation, may be measured. The operative technique and apparatus
used has been described in the preceding paper.2 The principle of the method
is as follows:
If a normal rat is united with a hypophysectomized animal, the amount
of ACTH in the blood of the intact rat can be estimated by the change pro-
duced in the adrenal ascorbic acid of the hypophysectomized partner. One
adrenal is removed from the hypophysectomized Recipient before the cross-
circulation and the second gland is removed after a known quantity of blood
has been exchanged between the animals.
EXPERIMENTAL METHODS
Male rats of the Sprague-Dawley strain, weighing 200-300 grams, were used in
these experiments. The "test" animal, (called the Donor), whose ACTH output was
to be measured, was kept in a constant temperature room for at least one week prior
to the experiment, and fed a diet of Purina chow and water, ad libitum. At the time of
the experiment, the animal was anesthetized with sodium pentobarbital (Nembutal
60 mg./ml.), 5 mg./100 gm. body weight, given intraperitoneally. The Recipient
"assay" animal was a rat that had been hypophysectomized 36-84 hours previously.
The operative cannulation procedure and apparatus for cross-circulation are
described in detail in the preceding paper.'
By means of the dorsal approach, one adrenal was removed from the hypophysec-
tomized Recipient prior to the cross-circulation. This adrenal served as the control
gland and was dissected free of adhering tissue, weighed on a Roller-Smith torsion
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balance, and placed in 6% Trichloracetic acid for subsequent analysis of ascorbic acid
concentration according to the method of Roe and Kuether.'1
Prior to the beginning of cross-circulation, both Donor and Recipient received
intravenous injections of 1 mg. of heparin in a volume of 0.1 ml. At the end of the
cross-transfusion of a specific volume of blood, the femoral blood vessels were tied off
and the polyethylene cannulae were removed. Approximately 15-30 minutes after the
end of the cross-circulation, the second or experimental adrenal gland of the Recipient
was removed, cleaned, weighed, and prepared for subsequent ascorbic acid analysis. At
the termination of the experiment, completeness of hypophysectomy was determined by
a careful examination of the sella turcica. The results obtained from those experiments
in which the Recipient was incompletely hypophysectomized were discarded.
TABLE 1. REDUCTION OF AscoRBIc ACID IN THE ADRENALS OF
HYPOPHYSECTOMIZED RATS BY CROSS-CIRCULATION OF
VARYING AMOUNTS OF BLOOD OF NORMAL RATS
Vol..blood Duration of
No. of X-circ. X-circ. % Change in adrenal ascorbic
expts. ml. min. acid of hypox. ± S.E. P
17 0 ... + 2.4 ±0.73
10 5 6.3 + 1.7 1.87 > 0.5
10 10 17.5 - 102 ± 1.87 < 0.01
24 20 24.8 - 17.5 ± 1.70 < 0.01
10 40 52.8 - 28.2 ± 3.76 0.01
10 60 63.9 - 30.7 ± 2.39 > 0.5
10 80 79.0 - 35.3 ± 3.47 0.2
6 100 96.7 -35.5 ±4.46 > 0.5
RESULTS
Using normal Donors and hypophysectomized Recipients, cross-
circulation was established and varying volumes of blood, ranging from 5
ml. to 100 ml., were transferred from one animal to the other. The results
of these experiments are presented in Table 1. They indicate that a relation-
ship exists between the volume of blood transferred and the percentage
change in the adrenal ascorbic acid of the Recipient. Significant differences
were obtained between volume transfers of 5 ml., 10 ml., 20 ml., and 40 ml.
However, a blood volume transfer of more than 40 ml. did not further
increase the adrenal response as judged by the ascorbic acid depletion
method. It is interesting to note that 5 ml. of cross-circulated blood exerts
no demonstrable effect on the adrenal of the Recipient, whereas an
additional 5 ml. produces a marked effect.
By this method, a linear relationship has been found between the
logarithm of the volume of blood transferred from the intact rat and the fall
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in adrenal ascorbic acid of the hypophysectomized animal (Fig. 1). Exam-
ination of this linear correlation indicates that under the conditions of these
experiments the Recipient does not begin to respond until more than 5 but
less than 10 ml. of normal Donor's blood have been transfused; in other
words, the method is insensitive to that amount of ACTH which is
normally present in 5 ml. of the blood of normal cannulated Donors.
In experiments utilizing the cross-circulation technique, one of the
important variables which must be
evaluated is the duration of the cross- 4o
circulation. This factor is important in a' 7'
determining whether the percentage 3so
change in the adrenal ascorbic acid of 2s
the hypophysectomized Recipient is in 10 20 /
response to the total amount of .,
ACTH presented to the adrenal or , 0
whether the gland is responding to ' /
the duration of the increased concen-
tration of ACTH in the blood. If the . ,
latter is true, then the time of cross- O-MlLO C cO@S-C CULATI£
circulation should be a significant FIG. 1. Dose-response curve. The
factor in these experiments. Table 1 effectofvolume of blood cross-circulated
indicates that as the volume of blood from normal Donors on percentage
change in adrenal. ascorbic acid of cross-transfused is increased, the hypophysectomized Recipients.
duration of the cross-circulation is
increased concomitantly. Therefore, the increased response of the adrenal
could conceivably be due to the prolonged duration of transfer of a given
quantity of ACTH, which would thereby expose the adrenal to an increased
concentration of the hormone for a longer period of time.
However, if the 24 experiments (see Table 1) in which a blood volume of
20 ml. was transferred are subdivided according to the length of time neces-
sary to cross-circulate this volume into the Recipient (i.e., same amount of
ACTH), then a change in the adrenal response will become evident if the
duration of cross-circulation is a factor. Table 2 shows that the variations in
the time necessary to transfer a given quantity of ACTH exert no appreci-
able effect on the adrenal response. Therefore, it would appear that under
the conditions of these cross-circulation experiments, the adrenals responded
to the quantity of ACTH released rather than to the duration of their
exposure to changes in the concentration of ACTH in the blood.
The specificity of the adrenal ascorbic acid depletion test for estimation
of ACTH in blood by means of cross-circulation was determined in another
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series of experiments. Hypophysectomized Donors and Recipients were
prepared in the usual manner and blood volumes ranging from 20 ml. to
40 ml. were transfused from one animal to another. At the appropriate time
after termination of the cross-circulation, the second adrenal was removed
from each and the ascorbic acid value compared with that of the respective
control adrenal removed prior to cross-transfusion. The results indicated
that no adrenal ascorbic acid depletion occurred in response to the cross-
transfusion of blood from two hypophysectomized animals. Therefore, it is
TABLE 2. EFFECT OF DURATION OF CROSS-CIRCULATION ON ADRENAL ASCORBIC
ACID RESPONSE IN Hypox. RATS. (20 ML. BLOOD X-CmC.)
Duration of
No. of X-circ. -% Change in adrenal ascorbic
expts. min. acid of hypox. ± S.E. P
11 10-20 - 17.2 2.22 > 0.5
9 21-30 - 16.9 ± 3.63 > 0.5
4 31-above - 19.8 ± 2.58 > 0.5
apparent that the cross-circulation procedure itself does not contribute to
the adrenal ascorbic acid response. The presence of a pituitary factor,
undoubtedly ACTH, is essential and specific for the adrenal ascorbic acid
depletion under the conditions of these experiments.
DISCUSSION
Many attempts have been made to measure ACTH in blood. In general,
two types of extraction procedures have been utilized: those employing the
acid-acetone plasma precipitation and those utilizing oxycellulose column
elution of ACTH from plasma. The levels of ACTH activity reported by
those workers using the oxycellulose technique8"1 are generally lower than
those claimed by other workers using the acid-acetone procedure.'8.9 Gray
and Parrott' have investigated the recovery by acid-acetone of ACTH added
to plasma; almost complete recovery was obtained. However, they were
unable to prepare consistently active extracts from whole blood by this
method, nor were they able to quantitatively recover ACTH that was added
to whole blood. In addition, although Parrott,'0 using the acid-acetone
method, was able to demonstrate quantitative recovery of added ACTH, she
was unable to obtain positive regression between doses of extract.
In the investigation reported here, an excellent dose-response relationship
has been demonstrated under standardized conditions by the cross-
circulation of known amounts of blood between normal and hypophysec-
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tomized rats, using the change in adrenal ascorbic acid of the latter as the
measure of the response. In these experiments 5 ml. of blood exerted no
effect on the adrenal of the Recipient hypophysectomized partner, while
10 ml. gave a significant response. This is in agreement with the results
obtained by J. Richards (unpublished results, cited by Sydnor and
Sayers1'), who found that 4-6 ml. of blood obtained from the abdominal
aorta of intact rats failed to deplete the adrenal ascorbic acid of hypo-
physectomized rats.
It should be pointed out that it is in no way assumed that the blood levels
of ACTH estimated in normal animals under the conditions of the cross-
circulation technique are the same as those present in normal unoperated
animals. It is evident that the operative procedure of cannulation involves
a "stress" which will increase the blood ACTH level. This level has been
designated "basal" under the experimental conditions employed. However,
this "basal" secretion is quite constant, and alterations in the rate of secre-
tion of ACTH above and below this value may be demonstrated upon
application of various experimental procedures. These will be reported in
another publication.
SUMMARY
The blood content of ACTH has been estimated by means of a cross-
circulation technique. If a normal rat is united with a hypophysectomized
animal, the amount of ACTH in the blood of the intact rat can be estimated
by the change produced in the adrenal ascorbic acid of the hypophysec-
tomized partner. One adrenal is removed from the hypophysectomized
Recipient before the cross-circulation and the second gland is removed after
a known quantity of blood has been cross-circulated. By this method, a
linear relationship has been found between the logarithm of the volume of
blood transferred from the intact rat and the fall in adrenal ascorbic acid of
the hypophysectomized animal. The ACTH present in 10 ml. of blood of
a normal animal can be detected by this method.
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